Survival of Salmonella typhimurium and Staphylococcus aureus in Eggs Cooked
by Different Methods A BSTRACT Shell eggs inoculated with Salm onella ty phimurium and Staphy loco ccus aureus were coo ked by recommended procedures for boiling, poaching, and frying. Except for poaching, the recommended procedures were inadequate in destroying the inoculum placed in the yolk. Boiling for 7 min was necessary for complete destruction of S. ty phimurium and it rook 12 min of boiling to destroy Staph. aureus. Coo king time-temperature relationship for complete kill depended on the cooking method with fried eggs. Four minutes and 70 C were needed for covered eggs, 3 min on each side at 64 C for turned over eggs, while cooking for 7.5 min at 64 C for sunnyside eggs was not sufficient for destruction of both of the test organisms. None of the test organisms could be recovered from omelets baked by the recommended procedure (86 C for 25 min). Scrambling for 1 min at 74 C was required for the complete destruction of S. ty phimurium and 2 min at 78 C fo r S taph. aureus. (Key words: Salmonella ty phimurium, Staphy lococcu s aureus, bo il ing, poaching , scrambling, omelets)
INTRODUCTION
Freshly laid eggs are generally devoid of bacteria and are protected from environmental hazards, including microorganisms, by the presence of a cuticle (Vadehra et al., 1970a,b) , shell membranes (Vadehra et al. , 1972; Wedral et al., 1971) , and the antimicrobial properties of egg white (Board, 1968; Yadav and Vadehra, 1977; Garibaldi, 1960) . The contamination of shell eggs basically comes from fecal matter, improper washing, and handling by human beings. Improper storage and handling are prerequisites for the microbial spoilage of shell eggs. With the widespread use of refrigeration, the spoilage of shell eggs is becoming less common. However, processed and cooked eggs pose major problems as a result of additional handling, the loss of the protective cuticle .and shell membranes, and the denaturation of antimicrobial properties of egg white by heat and processing (Board, 1964, Board and Ayres, 1965) .
·The mixing of egg yolk with albumen not only neutralizes the antimicrobial properties of egg white but also provides a more nutritious milieu for the growth of bacteria (Zagaevsky and Lutikova, 1944; Galyean et al. , 1972) . As a 1983 Poultry Science 62: 1211 -1216 result, premixed liquid eggs are more apt to allow microbial growth than fresh shell eggs. Similarly, cooked eggs become more prone to microbial spoilage as a result of the heat denaturation of egg white proteins, which are primarily responsible for the prevention of growth of bacteria in egg albumen.
There is considerable interest in the Incidence of Salm onellae in shell eggs and its public health importance. Baker et al. (1980) reported that the incidence on New York farms was only .21 % and all the isolates were Salm onella ty phimurium. In an earlier study an incident of 4% was reported by Carter et al. (1950) and the most common isolate was S. pullorum. These differences-are related to the eradication of pullorum disease in this country since the report of Carter et al. (1950) .
Because there is considerable demand for precooked egg products such · as scrambled eggs and omelets by the institutional trade, it is important to determine the safety of these products with respect to Salmonellae and Staphylococci. Several articles and reviews are available on the microbiology of eggs (Board, 1968, Vadehra and Nath, 1973; Baker, 1974) . This study was undertaken to determine the survival of S . typhimurium and Staph. aureus inoculated into various egg products prior to cooking and exposure to recommended cooking procedures.
MATERIALS AND METHODS

Test Organisms
Salmon ella typhimurium (2 51 AKT) was procured from the New York State College of Veterinary Medicine and Staph. aureus (FRI 100) from Cornell's Department of Food Science. These strains were originally isolated from infections or food poisoning outbreaks.
Eggs
Eggs from a single strain of White Leghorn hens were used within 24 hr of lay. Egg magma, when needed, was prepared by blending the contents of the egg.
Inoculum and In oculation
The growth medium for S. typhimurium and Stap h. aureus was brain-heart infusion (BHI). The organisms were grown for 18 to 24 hr at 35 C prior to inoculation. The inoculation procedure varied with the test product.
Shell Eggs. A small hole was made at the blunt end of the egg with a senitized dental drill. The inoculum (. 5 ml) containing 1 X 10 8 organisms was injected aseptically into the egg yolk using a #23 sterile needle. The hole made for injection was covered with Duco ® Cement. The eggs were incubated for 24 hr at 7 or 12 C prior to cooking. Growth and survival of the inoculum was tested in randomly selected eggs by determining the viable count prior to use . These eggs were used for boiling, frying, and poaching.
Blended Eggs. Contents of 3 eggs were emptied into a sterilized beaker and .1 ml of 18-hr broth culture was added. The mixture was blended with a sterile fork and transferred into a polyethylene bag.
Procedures for Detection of Pathogens Before Cooking
Salmonella typhimurium. Each . inoculated shell egg to • be tested was aseptically broken into a sterile Waring Blender jar and mixed for 2 min at low speed . One milliliter of either blended broken-out shell egg or inoculated blended egg was added to 9 ml of .1% peptone water. This liquid was then serially diluted and plated on brilliant green agar (BGA). -Staphlococcus aureus. The procedure for S. typhimurium was used except with BairdParker Agar (BPA). After obtaining the plate count results, identities of both organisms were confirmed by Gram stain and biochemical tests.
Cooking
Boiling. Shell eggs inoculated with the test organism were completely immersed in boiling water. The eggs were taken out at 3, 5, 7, and 12 min of boiling and cooled .
Poaching. The test eggs were aseptically broken into sterile 2.25 X 6.0-cm aluminum dishes and placed in an electric frying pan containing 1 em of boiling water. The pan was covered and the thermostat set such that the water was boiling throughout the cooking period. Sample dishes were removed after 5, 8, and 10 min representing soft, medium, and hard-cooked eggs, respectively.
Frying. An electric frying pan set at 121 C was lightly oiled. The test eggs were carefully broken into the pan and cooked by the following procedures.
1) Covered frying pan. Eggs were fried for 3.0, 3.5, and 4.0 min.
2) Sunnyside up. Eggs were cooked in an open frying pan for 6, 7, and 7.5 min .
3) Turned over easy. Eggs were cooked in an open frying pan for 3 min on one side, then turned over and cooked for an additional 2, 2.5, and 3 min. Temperature was measured in each case.
Scrambling. The inoculated, blended eggs were poured into an electric frying pan containing a small amount of oil. The frying pan was preheated to and set at 121 C. Eggs were cooked for 1, 1.5 and 2 min to give soft, medium, and well-done texture.
Omelets. Blended eggs contammg the inoculum were placed in sterile, greased aluminum pans (12.5 X 2.0 em) and baked in an oven at 163 C for 25 min.
Measurement of Temperature
The temperature profile was determined by inserting the thermocouple (copper-constantin) in the geometrical center of the product under study. The potential was recorded by a Honeywell recorder. In some cases (omelets and scrambled eggs), a thermometer was used to measure the temperature.
Microbiological Assay
Salmonella typhimurium. The cooked egg samples ( 46 g) were mixed with an equal amount of BHI and blended in a sterile Waring blender for 2 min at low speed. One milliliter of the blended mixture was added to 9 ml of BI-ll and incubated at 35 C for 24 hr. At the end of the incubation period, .1 ml of the broth culture was spread on brilliant green agar plates. The plates were incubated at 3 5 C for 24 to 48 hr. Positive samples were confirmed by the procedure of Baker et al. (1980) .
Staphy lococcus au reus. The test sample ( 46 g) was mixed with equal amounts of sterile BI-ll in a Waring blender for 2 min at low speed . One milliliter of the blended material was transferred to 9 ml of BHI and incubated at 35 C for 24 hr. Following incubation, .1 ml of the sample was s13read on Baird-Parker agar plates and incubated at 3 5 C for 48 hr. Typical colonies were transferred to phenol red broth containing .5 % glucose and .5 % mannitol. Samples showing growth under anaerobic conditions were considered positive.
R ESULTS A D DISCUSSION
Incubation of shell eggs and blended eggs for 24 hr after inoculation with the test organisms showed that in almost all cases (shell or blended 1.7 X 10 7
1 Shell eggs were u sed fo r cooking by various procedures as indicated .
2 Blended eggs that h ad been sto red in plastic bags were used for cooking by various procedures as indicated . eggs), there was no growth at 7 C; however, the population of both S. ty p himurium (Table 1) and Staph . aureus (Table 2) increased by 1 to 2 log cycles at 12 C. Brown et al. (1966) and Vadehra et al. (1970a,b) using the dipping procedure showed no growth for 24 to 48 hr after contamination . These differences are probably related to inoculation procedures. Yadav and Vadehra (1977) have shown that the growth of the organisms in egg yolk proceeds without any lag .
Boiling of eggs for 3 min (Table 3) was inadequate in destroying both S. typhimurium and S. aureus, and longer periods of boiling were necessary for complete destruction. Boiling for 7 min and internal yolk temperature of 75.4 C was necessary for complete destruction of S. ty phimurium while the comparable values for S. aureus were 12 min and 87.2 C. Undercooking, therefore , poses a definite hazard if the egg yolk is contaminated with staphylococci. However, because the presence of staphylococci in egg yolks of shell eggs is . extremely rare, the present cooking time and temperature appears to be sufficiently safe. Harbrecht and Bergdoll (1980) have shown that 2 Final temperature at the center of the yolk.
3 Eggs were stored for 24 hr at 7 C after inoculation but prior to cooking. 4 Eggs were stored for 24 hr at 12 C after inoculation but prior to cooking. 1 Two values for each temperature represent data from two experiments: +,growth ;-, no growth.
2 Final temperature--at the center of the ~olk.
3 Eggs were stored for 24 hr at 7 C after inoculation but prior to cooking. 4 Eggs were stored for 24 hr at 12 C after inocuJation but prior to cooking.
' Turned over and cooked for an additional time as indicated . 2 Final temperature at rhe center of rhe scrambled eggs.
3 Eggs were stored for 24 hr at 7 C after inoculation but prior to cooking. 4 Eggs were stored for 24 hr at 12 C after inoculation but prior to cooking.
Staph. aureus could grow and produce enterotoxin when these organisms were present in water used for cooling boiled eggs.
Complete destruction of both test organisms was achieved at all the time-temperature combinations used for poaching: For fried eggs, however, destruction of the test organisms was influenced by the method of frying (Table 4 ) . No S. typhimurium could be detected in the turned over eggs, whereas all the test samples of the uncovered sunnyside series were positive. Cooking for 4 min was necessary for complete destruction of S. typhimurium in the covered procedure. In contrast, Staph. aureus could be isolated in almost all fried egg samples except for the 3 min cooking in turned over samples and 4 min of covered cooking.
Both of the test organisms were completely destroyed in the omelets. This is evidently due to the higher temperature and longer time used during the omelet cooking procedure. Studies with scrambled eggs (Table 5) show that complete destruction of S. typhimurium was achieved under all the test conditions studied. However, when Staph . aureus was the test organism, it took 2 min at 78 C for destruction. This poses a real problem in consideration of the increased demand for precooked scrambled eggs by the institutional trade.
These results show that most of the recommended cooking procedures are completely inadequate to destroy Staph. aureus and S. typhimurium except for omelets and poaching. However, in these studies inoculum was placed in the egg yolk, which will almost never take place in shell eggs used in households. It is recommended that higher cooking temperatures or longer cooking periods be used in order to ensure complete destruction of Salmonellae and Staphylococci. However, overcooking of eggs results in textural problems and greenish black discoloration at prolonged high temperatures. Gravani et al. (1968) and Gossett and Baker (1981) have reported that greenish black discoloration may be prevented by the addition of citric acid or ethylenediaminetetraacetic acid (EDTA). Citric acid may also have favorable effects on the thermal destruction of the microorganisms.
